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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To lower a dielectric constant 
of an inter— layer insulating film which rises after an oxygen 
plasma processing, etc. 

SOLUTION: An inter-layer insulating film 8 comprising an 
insulator represented by a chemical formula comprising Si- 
H combination or Si-CH3 combination is formed on a 
semiconductor substrate. A photo-resist is formed on the 
inter-layer insulating film 8, which is patterned to a 
specified form. Then the inter-layer insulating film 8 is dry- 
etched with the photo-resist as a mask. Then the photo- 
resist is removed. Nitrogen gas and hydrogen gas, the 
volume of hydrogen gas being 2-80% of that of nitrogen gas, 
are introduced in a chamber where the semiconductor 
substrate is provided so that the inter- layer insulating film 
8 is exposed to a nitrogen plasma and hydrogen plasma. 
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[is] »*r 7 x-Tjtmmz ± o Ji# l*j 

¥*<M&K±fcS i -Hlfr&XttS i - 
LTSPfl*6i»K8S: K^-fxyf y^t5 Q & 
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8a ;ekKSi 

1 0 ;£2<D£taia 
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s i -Hg^x(ts i -CH 3 ^^#-r^{k^-e^ 

[8»**3l ***K*±fcS i -H^XftS i - 

cH 3 )e-&s:^r't-6^a;-c**tt5»»flcsr**-r5 

j£<Dmm^?—~>y-f&TMb, mm?* b^z?* 

SfifS^^- hi/^ hSr^tSIg^, tufS 

s o %t*5: <t &¥Tmt-rz>m 3 kik*^** 

[»**5] *##StE±l-S i -H«-&XttS i - 

5Igt, SuiS^d- hS:»*tSXSt v fufS 

«BHfi»BSS:7 2y*>^9X-e|j:|»'rxSi:, SrttS^ 

[fS*3S 6 ] ¥3»#K4E-Lfc: S i -HMs&Xte S i - 

£o»«i^^-=y^t5X8t, atffB^^M^v?^ 
£Xg£. ffjfS^^- Fw^ h^^t^Xgt, tufa 

«ra«»B(fe^^*^^^'>5if^^fc»-rxs 

sxgi, ^ffi^iffie^t^xgi, Mfiaa^K 
±tcs i -Hig'&xtts i -cHsS^SrW-ra^s; 

mmmmmmmji^y* b b^Mtaxs 



(2) 2000-585 3 6 

Sr^** £ L-C«H5«IHi»WRSr K7>f aiy^^^-rs 
Xit, *tfB7* hSr»*i-5XSfc, MfE/l 

MlftftlKSr^ySR^^X^^BI-t-XSi:. ^tt^^i: 

[*«oBl»ftRK] 
[0 0 0 1 ] 

[0002] 

[«3K©SE«] ^:ffim*aiHlK (LSI) »c*3^a«# 
MS<o^3i>ft:coii*^^iiAoLTv>5o l s 1 coff^ 

^ [0 0 0 3] L^L, Kffyu— yuiso. 2 5/zm«fc?)/h 

[0004] ^-e, ffii*S\ iaiS^ff-5|-eJi®2£^&# 

^^^-^^>- (HSQ) B^Srttffl-t-S^ffi^wstt 

tv^£ 0 HSQlfivy = >^fc;Ra> s i -03g-&rc»— 

SKttTffifflStbSo HSQjglte. *<D\ZkA,l*&ft 
[0 0 0 5] 

imwmmi>£ o t-f&w&M] H sq 
31 y ^ ^ ^s^t- <t d #a^< * — >- * -r * 

[0 0 0 6] 7* h*|HJgi-r 5Xg^^:*5V^T 

fi, ^^^X^^J:^^ll^fTofem, h 

^«t5«0i3aS:?T5o HSQR*»*/7Xv|:6Jjx5 
BI^CDS i -Hfe-&dS««SixTS i -OH^^ 

50 ^«Q.ai:ra«fc, si-H^M^ntsi-oH 
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[0007] cc-c% ft&<D¥mttmw.<oJBk%kJyW;\z^ 

[0 0 0 8] '>y ^>S«5 l_bM h^Vv?^^ 

6o #C^T% T*i 5 2 ±H/< U 7^ ^ /Ul 5 3 SrIR 
#)\zM&-rz>o ^y7^^;ul5 3±(:gi(7) 

S5 4±(cSWB&itlR5 SSr^-fSo #Cl^T% 
fgi <^>y = viMfc;R5 7 ^/^X^cvdS^J:^^ 
/a-f-So »l©^y3yBft«5 7±|:HSQ 

l5 8?:MI^ffltTi*t5 0 -tbT. *yh:X 

- h^^W^Ii^^gA L TH S Q WKiXI^ 
TkirKlSLftv^pt^So ftv*-C, HSQg5 8±(r 

Sr^fflbTSftBSJhKS 5 _h<£>Jg 2 <7»y ^^KflsKS 

^ y h^|£ < fc5iJj|8#i3U: J; 19 , HSQI58(^)^7 
-Hg^^S i -OHU^CfftLT, itSI«^^±iiP 

5 8 hyttf-ix^Yy^Ttommk t>*-5 0 

[0 0 0 9] HSQR©5fiSS:lfil±S^5fc«) 
iBStLTV^ (%fm¥~S - 1 1 1 4 5 8#^*) 0 

[0010] ^(JO^^^fE^^tt^^^^^it^^i-J: 
*u£, HSQKosa*d5iPi_hL-t'OTJifc:^StL)tA 

ii^f) # 31 jo * tb-c t> ^ 7 y ^ < 

<45o Lj&>U -©«^S(uJ;oTt), HSQg 
[0 0 11] **Mfi3&^SP^H^^«*T*Stb7tt> 

[0 0 12] 
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[0 0 13] *^0Ji£3o^Ttt, K«UI2 s Sfl5lBfc:J: 0 

Tt-ct <9 l s 1 m<D¥m&Am®&<vmmw}m^mk 

[0 0 14] Ji*3, HUfESffcBSf*. ^^^ffcBtfciiv' 

y = >*fbwa» c t a*-c# £<> 

[0015] 1 *>¥*f«S«<0«ift2Fjfc 

tt\ J: ICS i -H^^Xf^S i -CH 3 g^ 

[0016] **5, mmmmmmm^mmy^ ^rx^ 

ffir E^W#**E # IBS * rtfc ^ -v w< i- SI At * II 

[0017] *&mz&z>m2<D*m»mn<o9imjj& 

^ ^*frS4E_btCS i -H^g^XiiS i -CH 3 g^ 
<t UTllfrfiSJiraiieiBiKSr K7^fx 7 fy^t5lS^ 

40 tuiE^^ b b^taist, mmmmmmm 

[0 0 18] **W^«5»3^*#ft:SlB<oa!tJt*ft 
fi, ^aifrSffiJhJc: s i -Hl^^XfiS i -ch 3 S-& 

SXSi:, BulBg^^JK-hi- y* his&xh 

/^-=>^t5Iih S5fS7^ b&^*? 

5^ S&f57^ h*»±i-5Xet, Hffl5JiMi(6»K 
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[0 0 19] *XH£ft5ffi4<o^#&B<oK3g;&& 

^BfcKflsKSrJ!5j«+Siat. 9tTieSMfc:HLfcfc: S i- 
Hjg-g-XfiS i -CHs^^^T-rSft^T-^^tbS 

LrutriEJiiaueawsr K^-fiyfy/tiiai. «r 

-So 

[0 0 2 0] *««*i£^*3V^Ttt, 7* hlo&Xht: 

(Di&itmmmT^x. us i m<D¥m#m&mi&<D&iT& 

[0 0 2 1] 

mm^-mmmm} sit. ^mm^mmm^^^m 

[ o o 2 2] *HJfefi?ilt^*3VN-cf*. ^y^yStSiil: 
[0 0 2 3] TW2^Itm:^!i T*9/v 

^sr^^j^8^?f^§^Tv>^ 0 &2<o/iraftMR8 

fc. »2<DJi[Bil6*«8(0»ttAJRJl6 

tt. 5S:K®8 a ds^^ttrv^o ^LT, M2 0jira 
ffiiftBi 8 JiKigjR&JRJi 6 (D±^x<Dm £ ^JS 3 com 

wM&»m9i>m&£tix^z> 0 ttt, »jtt&jRJi6± 

[0 0 2 4] fc*3, mi(D* ?;ummm4RT3m2<D?i 

^/naiftJi i of*, Mx.ifcu^tt6Ai#xfis 

i Xtf C u Sr^-TS A I #^coT/u^ ~ £.A^<E>EiR 
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!9fiS iH 4 S^7XvS i02, Si (OC 2 H 5 ) 4 
SrJBfiitSTEOS^XvS i 0 2 ^ SiH 4 l^ 
7XvS.iON x S i H^^XvS i NXIi7y* 

»2<OJiPfl|6i»JK8Ji^>*n^ 3 i>'WU-fe^^^- 
(HSQ : Hydrogen Silsesquioxane) Xfi^^ 

^\f>^-^is=7^ (sog) ^^«^$tvrv^5 0 »2 
©HWI6»JR8©l5i:A/ifttS i -03g^?>«^S*L 

7^ 0!lx.fiT i NXfiT i J&>6>*5o 

[0 0 2 5] Jii&oflS l <©S6Jfi«*cffiS^8M*c$g 

e£$Sitt-£;^fcov^l&^i-s 0 H2, 0 3 (a) 
ATf (b) MW^EU (a) Xtf (b) 1**36 W<Z>^ 1 

•t-BfffiEI-CfcSo 

[0026] $fc-f\ bi 2 t^-r j: 5 ^> y =» 1 

!2^Mt5o #c^"C\ T««2±^T«*^t^ 

Stt<^fca£>fcff £2 S 3 0 7512 0 0 n mCOT i N/T i 

CO A 1 XfiCuHttSA 1 G&frloftZf&KD* & 

* ^/UBEJ6S4_b(^SC$dS 1 0 751 10 0 nmCDT i N 

30 m<D->V ny^K(i7 7lttVy vBfcffclRa* P> 
45*lWiKtt8i|7^7XvCVD (Chemical V 
apor Deposition) fe^fC «fc 9 ^ — o T =a 

^--wW^jgl-r^o ro»i©IPfl|68:R7|;:j;58 
J-^**i,sm2<o*ra*6»K8 irSffil i:©**i4^ 

^o^, ^ i (Dmm^mm i ^200 100 

0 nm©HSQ»ffi^fe*SS2©JBPfli|6»IK8 SrSffi 
t^c tl^ 1 00M1 50t, 1 5 0753g250 
40 2 5 0 M 3 0 0 1 ^^g^t^ 1 7511 0 M 

^[K«ffl«^c4ov^T3®|»©JDfl^«!i3as:^T5 

^-T^Sffil &*!fifc*F^A*FU 3 5 07515 0 0°CC0 

[0 0 2 7] 111 3 ( a ) ^^-T J: 5 ^2 COjp 

lffl*&»K8±^ff$^2 0 0 0751 1 5 0 0 0 nmCOV 

y = ^> * « » 3 cos mMttni 9 sr^-r 

* h9 aS:»3(OSra««K9±li**r5o 
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[0 0 2 8] #cfc: % 0 3 (b) ic^-TJ: o ic^ mm* 1 
0 0 75^4 0 0 s c c m^AL, 3 0 0 Jb^. 6 0 0W<£> 

9, 7* h Ui?* h 9 a §r*J«i-5 0 JEM* h \s*J 

x h 9 a ©*JRiS!9atJS^y^>'^«$ 

5 i -H«^2S?ft»£;h/CS i -OHg^^M^tl, 

[0029] ^-r^s<ft\zmmi ^al, em 

0 75S.3 0 cm^K^U ^t^KM y T ? fXttffim 
jS^iSJaSt^^X-^ (I CP : Inductively coupled pi 
asma) , — V =i >\ S^-ih-f ^ d h a >-#Pfi ( E C R : 
Electron cyclotron resonance) 9 
<£>3S£iR«H£;S U 5 0 0Ml 5 0 0W©aiAtM 
£-£:6c ^^v^rttd»Ai-SS3g^«:l 0 0 

TIjM lOOOsccm, -Xfit 2 0 75M8 0 0 s c 

9 ^f&fc-tZo CIWCJ;*), *ftS8brt(DS i-OH 
l£^S i-N^X^S i -HSS^Ktt&^tb, BIS 

o^j&sishbs^s. tit, ^imsbmm^tix 

[0 0 3 0] 0 4 (b) fc^-TJ; 5f-. ^-<T* 

5 0 tit, ^3(Djimi6ttiR9^-8B&VSjR&JRJI 

6 JhKlig 2 OEXftJI 1 0 SrJBfifc-f-S. 

[0 0 3 1 ] ~(D£ o (diStjgS Jxfc*36W^« 1 <D^J£ 
Wr^Tte, ^ h h 9 a £p]g8-T S 111:^ 

/c&K^8 a^ffM;£;ft,-Ci^ 0 ^n^J:f9, ^J^f^H 

s QRa> ?> * s sb 2 8 coit^m^^ti^p^ 

[0 0 3 2] &f;i, *aSMO»2^HJfe^J^ov^TRM 
1"5 0 H5tt*|gM^2 0||ffi^^«5^^fiS: 



(5) #§B2 000-58536 
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[o o 3 3] *sllfi^?J^^:*3v^T^*, ^y^vssiijb 

Ji-h^SKW^^y Tt< ^/WJi 1 3^j££;ftrCVN£o 

/<yr^^n 3±{^»i<7>^>?/HEi»Jii 4 
as^/ifcSih/ri^So Etc, iio^^^EiSii4±ir 

[0 0 3 4] /^7^^;Hl 3, ^/HfijgUf 

1 4 &WKl*BSJi:K 1 5©fflJffiarftai-S7^SB6ihBi 
/<? 2 l #?f?jS£;ft,T^5„ Mi-, RWBSihKi 5 0- gg<z> 

R2 i <D®mRUTi&m<Dm'm&mc— n<D%.Mm±im 
i 5o«ffiSrffi«-rssBi^sra*e»jRi 7&j&&&ti 

6©^* *-t?<oi¥S(w«2cojirai(6»ffl!i 8i>mf&$ti 

^ ©jRtt&JRJI 1 6 £ <©#ffiia«^tt, 18a 

^jis i e ^±ffi* r^jg s 3 (ommmmm 1 9 # 

[0 0 3 5] t^^o, $B 1 <D * ? sumBfg 1 2(0 
^^^E«J|2 0|j:, WitfCumtSAlttXfi 

S i RZfC u^^^Ti-^ A 1 W^COT/U^ ~*}J>s%k(Dm 

50 ^I^SttKlhJ^ 1 5 fit, Mx.fiT i , T i NXf^T i W 

IMtll 9fiS i H^^XvS i o 2 , Si (o 
C2H5) 4S:I»tt5TEOS^7X-7S i0 2 , S 
i H 4 l^7XvS i ON, S i H^^XvS i NX 
tt^ylRSr'&^r-rs^TX^s iOF^6i»^tbt 
V^o ^fc, »2(OSPfl«5»J»l 8liHSQXIit«S 
OG^W^^tl/^ 0 ^^afiSP 18afiS i - F 

T i d*b*<5o 

[0 0 3 6] W:, ±3S©*2fiO*liS«lc«S**ft:3S 

e^Kig-t-6^(^ov>ri^p^-r6 0 me (a) at; 

(b) ffiWcH7tt*»W(0»2(©|IK«^«5**fr 
[0 0 3 7] ^fe-f, HI 6 (a) lc:«i-Jt: 5fc, 5/5=> 

t^Sg«fc©fc»^y ^/u^ 1-3 &a&#H£7Kfifci- 

50 5 0 -€r<^^, /^y ^yuJl 1 3±ic® l ^ ^/^BEIfe 



0 

J¥£^5 0 nm»i(OT i N d> £ KlfB&ltK 1 5 £ 
ffil&-rZ>o #^t\ 4SCfJ^5 0Ml0 0nm(7) 
T i N^P>35cS7^SIB&ihlK2 1 = ^/MCC 

[0 0 3 8] ftd, 0 6 (b) ic^f J; 5 »*ttto 

^^mmm^^x^^mz.^ 9 , sstBSiusiis 

!2lWt5 e CtU-J:'?, »l OBBISJI 1 4 3&s T 
i N^e>*S7y*ESihK 1 4 XWRltBSJhlR l 5fc:« 

[0 0 3 9] g] 7 iC^-f-J; 5 t-, £Efr» 1 (DM 

mmmm 1 7 ^^y(;f P v oxny7i-7/w:ii 

t<£>^, ffl©»H]|6*«l 7±teHSQ«Jig!6» 

fltH8i:U'>5 3 VIMMW* *b ft 6 Jg 3 oBMIfitk 
fill 9tMU iEitftt iT-f T^— ^ir^Ktc-fttSr^ 

S 1 4<7)<BltB3&ST i N^fe/«cS7s/3ilB6itK2 1 \c£ V 

Mttt, igi coiass/i i 4*iiatui$ttftv\ s§o 

a l fry ymx-m-M:£thZ>zk&®5it£ti&o 35 

7Bje££*i5. :y 1^X9X^31 tci&^tte, ^&£r^- 
tv^lciAt, 7:y*;#;*afctffc:CH3FXtfC2F 

^^^f^SrS 0 7!/lg2 0 0 0 s c c 
m^AL, ^ft^mmv T#$yj& I CP. ^y=>, 
ECRfK f*W^ n^^fcj: 9, ^SfX^X-^Sr 

[0040] tit, ^i^im^to:, mm&m 

m 1. 6 Xt^S 2 (OEttJi 2 0 Sr^fig-fSo 

[0 0 4 1 ] ^<D£ 5«-bTSa5gStb^:*»M<0^2 0 
HJS^ICi^v^f;^ 37* h h£rftJ@rr6XSf-J: 
^M^tlfcH S Q§|<7) ^kSJ a* :7 3, * X 9 X-^ MS K 

^^TVn§ 0 7^i7°7XvMl«^f^ fgl 

<©K«J1 1 4Ji7y*BSihK2 1 RttB&JtBI 1 5fc 

4fcf*gsjtelftl\ 1 ZtDtctb, A 1 a>fcfc5»l£>6Ei» 
Jl 1 4te^£;|xftV\ s 
[0 0 4 2] ft*>, 7 2x*BSihBti: ITT i N®IO#;b 
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i 3 N 4 BW» h ft * 7 y *B6ihK*sttffl £ Sr*-T Wf 

ffiiatfcSo s i 3 ^4^fry^m&5±mt ltct^ 

0J;tfi5 0 nm@^cO^>y^E5ihJ^2 1 a £: C VD 
«fe«^J:9?g^i-So tit, 7y*BSihR2 1 a _LtC, 

* i <nmmmmm*fcm^ir\z.m 2 a/imf&iuR 1 s * 

^t5 0 tit, ^7^-;i/iML7y«^7X 
T^S^SixSffl«rt©7y*KiJ:IK2 1 at»*f 
[0 0 4 3] geld, **M©S3©lllK«y^wOV^TlftW 

[0 0 4 4] #i£jfi#JiC:*3l^tfcJU ->y^ysi3i± 
tCTJfeil 3 2^ffM^nTV^5o tit, Tffil3 2± 
l:*4rtt 5* 1 ©t'JXvt E o S»M 3 7tm& 

^i^tV^5o MiC, IlOy7X-7TEOSi«3 7 
JiM, gl(7)7 P 7XvTEOSiM3 7 GO fulfil 
«l^fiKS^c«Sr=fr-rSHSQJK3 8M^20/7 
^ XvTEOS8M3 9^T2^IiMtc^£;^tv^ 0 
HSQJB3 8 0*fiff^fl N #i©Si-CH 3 
3e^b«^*tb-5 5feKSFP3 8 a &ffi&£tlX\f*Z> 0 JE 

3gcofflt^rtep(^(^ mm&xmffi\zfe<3Xs<VT 

3F^^cuMg3 4^*iH3:£tLti^ 0 
[0045] &tc, ±^<Dm3<DmmM\^m^^mi^m 
w&&&-rz>jjmz.^^xmw-tz> 0 no, in 

(a) (b) 1^112 (a) Xtf (b) f3*3g 

30 mm^-rm^mx%>z> 0 

[0046] 9c-r, ei 1 0 tc^-r j: 5 1-, v y 3 

Til3 2^Mt5 0 #CV>t\ TJfiS3 2_hf^J¥S 

1 0 0 0A©$1 ©/7X-7TEOS8ft 
K3 7tMt5 0 SlO^7X-7TE0S8 
*fc)B3 7±^ffSdS, Mxfa5 0 0 nm^)HSQl3 
8SrS*-r5o tit, »2 0 0 , Cift^yW^ 
ht«>SR«iaSrfirv\ Mf-, Wl:tft4 0 0ttl 
*M<o«||^Sr*^ 0 tit, HSQBS3 8 Jb^ff**s, 
^ Wx.tf l00nmO»2Or7XvTE0S»ftR3 9 
£®J$r£o *V^t% »2©^7X-7TEOS8ft!3 
9 ±^7^- h h 3 9 a teMfSt-tZo t©l, 

Xt^^^tZlct 9 7^- h h 3 9 a <7V^— ^>X^r 

fT5o tit, 7thl/^h3 9a^v^^i:lt7 
n n^7 — /K^^co^f^tC J: ^2O7'7X-7TE0SS? 
ftJK3 9, HSQl3 8XtfIlOX7X-7TEOS» 
«3 7©^^-=^^SrMS*f?5r. irl-J: 9, »S:JB 

[0 0 4 7] 7k\^, Mil (a) t-^i-ct 5 h 
5» h 3 9 a SrK3gX/^S:ffiffl Ifc I CP^7X-7 
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<9, HSQ13 8^*CifflLi:v^§^^S i -H 
[0 0 4 8]ftC, H S QR 3 8 SrXSf.t 
[0 0 4 9] 

lit 1 ] (CH 3 ) 3- S i -NH-S i - (CH 3 ) 3 
[0 0 5 0] H S QJ@I 3 8 £rHMD S \Z 1 0 ^flUSt* C 
^it), ^fc«FP3 8 b^C*5V^TTfl5^k^S:2T^$i^ 

[0 0 5 1 ] 

[flS 2 ] 2 S i -OH + (CH 3 ) 3— S i - NH-S i 
- (CH 3 ) 3^2 S i -O-S i - (CH 3 ) 3+NH3 

[0 0 5 2] C^SJSCJ: ^ Si -OH^O^i^^ 
^Si-CH 3 S^i^^ in (b)J^-fJ:5 
fc, ^tffl3 8 b^#ffibTV^c^«lC&J?g[$3 8a^ 

[0 0 5 3] H 1 2 ( a ) ^fJ; 5 K,- 

i¥SdS, 09;ttf 5 0 nm<£>T i NKSr*^ s-> * jfcfc<fc 9 

Sr««Fbfc**. #1x1*7 5 0 

nm^Cu-CVDl^CVDfeCJ; VT&lSrtr* r. t iC 
£9, CuiIl34^Mt5 0 
[0 0 5 4] 012 (b) X 5 * Ztv 

CMP (Chemical Mechanical Polishing) £rJt£~3~C:£ 
J; <9 , ^yr^/i'Jf 3 3XVCuBEiRJl3 4£sp* 

[0 0 5 5] ^£75J: 5 t-bT»3g*ixfc*l8Wo»3co 

^JSW^^Ttt, S i-OHU^|>^Tfo§* 
fbgiS 3 8 b |C»7Mfc«!f3&, IP*,, HMDSJCB»-r«l3a3dS 
f?fc>tl,TV^£>T*, Si-OHg^Si-GH 3 ^ 
(^>fbb"CefeK*f|5 3 8 a ^M$l^rv^5 0 ffiot, s< 

yr>^^i3 3xvcusai§uf 3 4©s*&;wFfts. 
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